'Green' building initiatives have led to the emergence of market-based policy approaches in a number of countries. Many of these have taken the form of environmental certification for buildings. A number of studies have examined the additional construction costs involved in achieving 'green' certification, and these studies suggest that they are relatively low, around 2% on average. Evidence is accumulating, however, that the "green premium" -or the extra cost that homebuyers pay to purchase a property in a certified green building -is systematically higher than this.
housing that Israel has faced in recent years. A number of studies have examined the additional construction costs involved in achieving green certification (see, Kats 2003; Berry 2007) , and these studies suggest that they are relatively low, around 2% on average. Evidence is accumulating, however, that the "green premium" -or the extra cost that homebuyers pay to purchase a property in a certified green building -is systematically higher than this.
In Israel, 'green' building projects have largely targeted the middle and upper classes and are mainly located in large well-to-do municipalities in metropolitan areas like Kfar Saba, Ra'anana, and Herzliya in the Gush Dan Area around Tel Aviv. Thus, the benefits of Sustainable Urban Development have become concentrated in middle class residential areas. To the extent that this perpetuates socio-spatial and socio-economic inequality, as well as ecological vulnerability for the poor and other socially marginal groups, it runs counter to the goals of sustainable development -which include social, as well as economic and environmental dimensions (WCED, 1987) .
This study aims to identify the nature and scale of the "green premium" in Israel, based on a novel comparative calculation method developed for the purpose of examining the extent to which implementation of the 'green' building standard raises housing prices. In addition, we examine how economically profitable it is to purchase a 'green' apartment, not only for the homebuyer but also for the Israeli economy overall. Finally, through a case study in Tel Aviv, we shed light on how the implementation of environmentally certified housing may lead to gentrification.
Towards Eco-Gentrification
Gentrification is a process of urban transformation, whereby the existing population of a local community is displaced by a higher income population. According to Clark (2005) : "Gentrification is a process involving a change in the population of land-users such that new users are of higher socio-economic status than the previous users, together with an associated change in the built environment through reinvestment in fixed capital." Gentrification has become a global phenomenon with pronounced social impacts and may in fact be pursued by local governments as a strategy for improving their tax base and achieving other perceived benefits.
Gentrifying neighborhoods are typically characterized by upward pressure on housing prices. There may be different effects on renters and homeowners, and varied consequences for different homeowners. The increase in property values may settle at a new high or reflect "unsustainable speculative property price increases" (Atkinson and Bridge, 2005) . Often there is a loss of affordable housing, particularly in the rental market, which can be exacerbated by zoning changes that eliminate single-room occupancies or other low-cost alternatives. Thus, the rise in property values can be fortunate for families who owned homes, but devastating to renters, although homeowners may struggle if their incomes cannot keep pace with rising property tax bills and may find themselves compelled to sell their homes (Slater, 2004) .
In Israel, at the edges of large cities, older neighborhoods are changing dramatically as well-off professionals move in and raise housing prices. In Tel Aviv, for example, residents of the older southern neighborhoods have seen over the past several years an influx of young people from central and north Tel Aviv who are earning above-average salaries (Marom, 2014 In Israel, housing is already seen as unaffordable by the 70 percent who can't afford the average price of an old apartment, and the 80 percent who can't afford that of a new one (Milken Institute, 2015) . The social protest of 2011 expressed the economic distress of individuals and families in the mainstream of Israeli society -in particular, the distress of young and working families, with high education and employment qualifications, who are overwhelmed by the cost of living, the cost of housing and of the care and education of their small children. It focused explicitly on housing unaffordability. Housing has become the decisive component of the relationship between state and citizen in Israel, capable of drawing hundreds of thousands into the streets to demand social justice (Trajtenberg Report, 2012) .
Recent statistical data show that in 2014, an Israeli homebuyer needed the equivalent of 141 months' worth of average wages to purchase a four-room apartment -while in the U.S only 60 were required and in France 90 (OECD, 2016) . Considering that less than 0.04 public social housing units exist in Israel per 1000 habitants (Paz and Frankel, 2012) , it is worth examining the social and economic implications of 'green' residential construction, scrutinizing the extent to which it raises apartment prices and potentially leads to eco-gentrification.
The 'Green' Premium in Israel
'Green' building may involve additional construction costs, such as those required for better wall insulation or upgraded window glazing. However, the 'green' premium, or the increase in a property's selling price, may reflect more than a passing on of these extra costs to the buyer since it may also include the extra profit to the developer from 'green' construction (Massimo, 2012) . Fuerst and McAllister (2011) found that rental prices of regular commercial buildings are lower by 4.1% on average compared to those complying with LEED and Star Energy standards.
In Israel, economic research about 'green' building has so far only dealt with its costs to builders. Kot and Katz (2013) studied two buildings built according to SI 5281 in Nes Ziona and Netanya, aiming to shed light on the added costs of 'green' components. Their findings indicate an addition of 2.1% to 4.1% . Gabay et al. (2014) found added costs in the construction of a 'green' office building amounting to between 4.3% and 11.6%, with over 75% of this spent on energy saving improvements and only 4% on certification costs. In this context of these added costs to the builder, we seek to estimate in this study the added costs of 'green' residential buildings that are ultimately borne by the buyer.
Methodology

Green Building and Housing Prices
The effect of "green" buildings on real estate prices in Israel was assessed by calculating the "green" premium (i.e. the added financial value of a certified green real estate asset, when compared to a similar non-green real estate asset). We compared the market prices of new apartments in certified green buildings with the prices of similar non-certified apartments (located at a maximum distance of 200 meters) sold in the same year. The "green" premium was calculated per square meter of dwelling unit in each municipality and for each year, using a list of 250 residential buildings that have received the SI 5281 certification from the Standards Institute of Israel (SII) (updated 17/07/2016). (Note 1) We included in the sample only multi-family apartment buildings, and ultimately the comparison includes 91 sets of green vs. conventional residential buildings (see list of cities in the results part).
The details of individual buildings were entered in the Israel Tax Authority website, to retrieve the actual sale prices of apartments. These data are based on the declared transaction price and do not include the subsequent cost of upgrading the apartments. To identify the corresponding non-certified buildings for comparison with green buildings in the sample, we used the "GovMap" GIS software (http://www.govmap.gov.il) and compared apartments sold in the same year and built during the same period (i.e. after 2008 -see map and Table in Annex).
The sample size is currently limited in terms of range, number of projects within a city and number of cities, but since the volume of 'green' residential building is expected to grow, future research utilizing a larger database is warranted. This would presumably allow for comparison of the green premia for buildings at higher standard levels, (planned in the Forum 15 cities over the coming years), and for the examination of 'green' premium changes over an extended period of time.
Case Study
Case studies are appropriate when a study focuses on a current topic, the researcher has little control over events and we ask how or why a phenomenon has happened (Yin, 2009 ). The case study method is used in ethnography, surveys, quantitative modelling etc. (Yin, 2011) , and values the use of multiple sources of evidence to foster reliability and improve understanding. Case studies can be used to test theories or use theory to deepen our understanding (de Vaus, 2001 ), as we have tried to do in the present study. As a case study, we have picked a Tel jsd.ccsenet.org Journal of Sustainable Development Vol. 11, No. 5; 2018 166 Aviv neighborhood, Neve Sharett, and looked at the impacts of 'green' building on the local residents.
As background, we collected information on the key policy tools designed to promote green building. We examined the application of these tools through analysis of documents, including professional policy reports, central and local government action plans, professional NGO reports, statements of opinion, newspaper articles, municipality meeting protocols, and academic studies. In addition, we looked at how contractors and municipalities market green building projects.
Interviews were conducted with key figures, selected according to the positions they hold in the field (Scott, 1991) as follows: Finally, a survey was conducted in Neve Sharett to examine the extent of population displacement following the 'greening' of the neighborhood. All of the current apartment owners (154) answered the survey.
Results
The 'Green' Premiun
According to the calculation method described above, the average 'green' premium was estimated as a percent increase for a number of urban localities across Israel, with the results summarized in Figure 2 and Table 3 . In this sample, the' green' premium ranges between 3% and 14% depending on the city (see calculation details in the Annex). It is highest in the Northern periphery (13%) and the average is 7.3%. In the U.S., we can see slightly higher average values: for example, Khan and Kok (2012) found a green premium of 9% in California, and according to Kaufman (2010) the premium in Seattle is 9.1%. Thus, despite the wide range of values, the average "green" premium in Israel is just slightly below those observed in the U.S.
The 'green' premium is smaller in the center of the country, where most construction takes place. This is because around the Tel Aviv metropolitan area (including the central and Jerusalem districts), housing prices are high regardless of 'green' certification, and in fact the 'green' premium embodies a minimal difference in actual construction costs -given the negligible difference in requirements between SI 5281 at a one star level (Note 2), and the mandatory standard SI 1045, in the climate of the mild coastal region.
Based on these results we can estimate the added profitability of green building for developers, by comparing the 'green' premium that the homebuyer will pay with the extra building costs for the developer. According to Kot and Katz (2013) , the additional costs of 'green' building construction for new apartments range between 2.1% and 4.1%. However according to the Israeli Builders Association (2015), actual building construction typically represents only 35% of the total project cost (which also includes the costs of land, infrastructure development, design fees, taxes, etc. which are not likely to vary significantly due to the building's 'green' design, certification and construction). This means that the average 'green' premium of some 7% that a homebuyer will pay for a new apartment is considerably higher than the percentage added cost to the developer -which is in fact marginal in the scope of the overall project cost (around 1%). If, as stated by the Israeli Builders Association (2015), the average profit for a conventional apartment sale is 12.7% of the housing unit price, the profit for a 'green' apartment is likely to be in the range of 15-25%.
Given the 'green' premium we found, we estimated the payback time for the consumer to recoup the additional investment through water and electricity savings. According to the Israeli Ministry of Environment Protection, 'Green building may save about 15% of electricity consumption and 10% of water demand for a household (Note 3). An average Israeli household consumes 7,800 kWh of electricity per year, and the average electricity price is 0.6 NIS/kWh (Israeli Electricity Company, 2014 set due its gree using market su at every buyer ' -but rather as ell as price).
(see Fig. 9 Vol. 11, No. 5; 2018 We may ask who profits from 'green' building, starting with construction companies and developers. According to the Israeli Builders Association (Note 10) (2015), actual building construction represents on average 35% of a residential project's total cost. Furthermore, according to Kot and Katz (2013) , the added 'green' building construction costs for new apartments are between 2.1% and 4.1%. Considering an average value (3.1%), added 'green' building costs represent about 1% of total project costs. This is much less than the 7.3 % 'green' premium that a homebuyer is likely to pay, as mentioned. Even allowing for uncertainty and variation between parts of the country, the evidence suggests that developers are making a significant added profit on green apartments, which represents the bulk of the 'green' premium paid by homebuyers.
Still, many builders are unwilling to incur the trouble involved in applying for the standard -though in the Forum 15 municipalities, where it is gradually becoming mandatory they will have no choice. In order to ease the certification process, some municipalities like Tel Aviv have decided to pursue certification through a private Institute rather than obtaining the certification from the Israeli Standards Institute (SII). According to the SII consultant in charge of the SI 5281 development (personal communication, 2017) , most municipalities belonging to Forum 15 obtain the standard from a private institute: "Since the standard is mandatory, and they are under pressure from the building companies, these authorities have had to find a way to ease the process. When a private institute started to deliver the 5281 standard (in 2013), it charged half price to developers (compared to the SII fee). Second, the final step of certification (in which a public committee attributes the 'green' label) may take months; to avoid completion delays, the private institute skips that process and attributes only a certificate of SI 5281 compliance and not the 'green' label (which only the SII has authority to confer)."
The average price of a 'green' apartment in our sample is 1,850,000 NIS, and assuming the average 'green' price premium of 7.3%, the added expense incurred by the homebuyer is some 135,000 NIS. While this illustrative calculation embodies multiple uncertainties and variations -it shows that the time period required for a homebuyer to repay the investment in a 'green' apartment is likely to be over 100 years. Thus, the energy and water savings potential of a 'green' apartment does not even come close to justifying its purchase.
However, the purchase of a 'green' apartment may very well be justified by its resale value. Studies in the U.S. have examined certified 'green' apartment resale values and shown that in Seattle, for example, "green apartment" prices were higher by about 9% and were sold four times faster than non-certified homes (Kaufman, 2010) . Moreover, if developers were only charging consumers for their added construction expenses (about 1% of the total project cost) and considering that the standard developers' profit is 12.7% of the apartment price (Israel Builders association, 2015) , the 'green' premium for the consumer would only be about 20,000 NIS. Under such conditions, energy and water savings alone would allow a household to repay its 'green' investment in some 20-25 years -a lengthy period, but still a relevant consideration for some homebuyers.
Future prospects
In the coming years, approximately 45,000 housing units per year are expected to be built to meet the needs of the Israeli population (National Economic Council, 2014) . According to the above estimations, if they were all built according to the 'green' standard, the economy would avoid costs of about 50 million NIS/year (about 13 million $/year). However, if we take into consideration that the national budget was 360 billion NIS in 2016 (Israeli Ministry of Finance website, http://mof.gov.il/BudgetSite/statebudget, retrieved on the 28/01/18), it would represent an economy saving of only 0.01%/year, thus insignificant. Then most 'green' apartments were built according to the 'one star' level which is not more energy efficient than the mandatory insulation standard (1045) . According to Garb et al (2015) , SI 5281 is mainly implemented today at the lower levels of certification. While the standard is complex and ambitious, the requirements of the energy section for lower certification levels do not reflect a significant improvement over current practice in the market. Thus, the extra cost that homebuyers pay for 'green' apartments cannot be justified. However, for example in the U.S., a study done by Kats (2003) on 60 LEED rated buildings, demonstrates that 'green' buildings-when compared to conventional buildings-are on average 25-30% more energy efficient.
Even though this represents an extreme scenario, most building construction (as of 2017, about 67%) is taking place in the Forum 15 municipalities -where the 'green' building standard has been adopted as mandatory for residential buildings (National Economic Council, 2017) . It should also be noted that the housing offered in these cities may be more expensive, due to the 'green' premium.
According to Cohen et al. (2017) , improved 'green' building that meets the more stringent requirements of 'two-star' and above ratings could significantly reduce energy consumption and greenhouse gas emissions, and could be incentivized effectively through State subsidies -and given the potential economic benefits estimated, such a policy would appear cost effective.
In our Tel Aviv case study, we have seen that 'Green Park' is a residential development directed to the middle and upper middle classes. Evacuation and reconstruction is a national project to encourage more 'efficient' land use in urban areas, by replacing existing medium-density, multi-family residences with high-rise buildings that are designed to meet much higher standards.
Following the clearance and redevelopment of Neve Sharett (currently in the final stages of construction) in north Tel Aviv, 154 homes built in the 1960s as public housing will become 447 apartments in six towers (certified 'green'). The site had a high rate of private rentals, whether by initial tenants who became owners, or by investors who purchased the flats intending to redevelop. The program does not create nor preserve affordable housing. Thus, virtually all non-owner tenants (40% of the residents) had to leave the neighborhood when the evacuation and reconstruction project was launched. Among the owners, our survey indicates that 70% will be unable to stay in the 'green' neighborhood. In sum, the 'greening' of Neve Sharett has led to gentrification and population displacement.
At the same time, the urban renewal authorities' 2016 law aimed at preventing the public housing tenants from being moved out will technically allow this low-income population to live in upgraded apartment buildings for an affordable price. If these public dwelling tenants (16 households, or 10% of the total) are really resettled within 'Green Park', their housing units may be considered 'green' and affordable (though this scenario seems to be an unexpected and unintended project result, and as mentioned, is still uncertain).
Conclusion
We have examined the impact of green building prices on home buyers in Israel. Our analysis indicates that 'green' building tends to raise the price of green construction by at least 3% in the center of the country and by as much as 14% in the northern periphery, and that these 'green' housing sales premia are much larger than the additional cost of construction. They are also high relative to the economic value of their saving potential. Thus, we may also hypothesize that local authorities promote green building to 'brand' their cities as 'green', inducing gentrification, e.g. attracting higher-income residents.
These findings should be viewed within the context of Israel's surplus housing demand due to limited supply. This weakens the assumption that every 'green' apartment home buyer chooses to buy it for being 'green'. In fact, according to a survey initiated by the Israeli Green Building Council (ILGBC) in 2012 and published in 2013, 44% of the interviewees had very poor knowledge of 'green' building (see Annex).
In terms of investment return, our analysis suggests that it is not "profitable" to buy 'green' apartments, but people are actually buying them. Due to the nature of the housing market, homebuyers tend to purchase an apartment that matches as closely as possible their primary requirements, in terms of location, price, size, environment, etc. and in many cases they cannot choose an equivalent apartment that is not 'green'. Thus the 'green' premium does not represent the price the home buyer is willing to pay for the apartment's greenness. According to the ILGBC survey (2013), 35% of the interviewees were willing to add up to 35,000 NIS for a 'green' apartment, 40 % up to 25,000 NIS (the rest were unwilling for any extra-cost) less than the average premium in this study. That result shows that Israeli homebuyers are usually not interested in 'green' apartments. The 'green' value is lower than in the U.S. while the share of certified apartments is smaller.
'Green' building marginality in Israel may be explained by the fact that builders and construction companies make such large profits that it is not worth it to deal with the extra costs linked to administrative and monitoring fees and procedures. According to the Association of Contractors and Builders (2011), the new standards issued by the government of Israel over the last decade include harsher requirements such as disability-oriented modifications people; better fire safety, physical protection, and seismic resistance; façade covering; and thermal insulation. These modifications added some NIS 200,000 (about $50,000) to the cost of each apartment. The 'green' value cannot be explained by a higher quality nor by energy saving. Meanwhile, in the U.S. where the 'green' premium is a bit higher, 'the 'green' standard involves an important energy saving. 'Green' building is used as a gentrification tool in well to do municipalities' neighborhoods not seen as attractive by themselves (for example due to proximity with the sea). However, usually even compliance with the mandatory insulation standard (1045) is not enforced, due to a lack of technical inspection (besides in some high standard estate projects of wealthy neighborhoods). Thus, the fact that the 'green' building standard involves an inspection and complies with the 1045 certification represents an improvement in terms of energy efficiency.
As of now (2018), there is no 'green' affordable housing to mitigate this phenomenon in Israel. The energy and water saving potential of a green apartment does not by itself justify its purchase. Moreover, the typical 'green premium' -in terms of the sale price of an apartment in a certified building -is significantly higher than the additional construction costs required to build it.
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Journal of Sustainable Development Vol. 11, No. 5; 2018 We can conclude that currently there is no green and affordable housing in Israel, and no established 'green' neighborhoods evince significant social diversity. Certified 'green' homes are essentially unavailable to lower income populations, and absent from their neighborhoods. We have shown in our case study that 'green' building is being used as a gentrification tool, to attract middle class households to previously poor neighborhoods.
While in centrally located and economically strong municipalities green certification is becoming more widespread, in peripheral locations such certification is not implemented -and the 'green' label is mainly used to attract local residents who can afford housing upgrade. In the most attractive locations, where gentrification is already occurring with housing refurbishment, developers hardly need 'green' certification, and are attracting the well-to-do without it. In locations where apartment prices and developers' profits are relatively low, it is not profitable to comply with the standard due to the extra administrative and monitoring fees and procedures. Also, in the most attractive places the developers do not need to build 'green' to sell the apartments and make a very high profit. Thus, only in potentially 'gentrifying' locations like Neve Sharett it seems that a 'green' building standard is seen as an attractive asset for the middle class. Urban gentrification appears following the renovation of old well-located neighborhoods like Neve Tsedek in Tel Aviv. Gentrification can also be based on local assets (for example in Yafo-south Tel Aviv-due to proximity with the sea). However, 'Green' building is used as a gentrification tool in well to do municipalities' neighborhoods not seen as attractive by themselves. 
